A novel Gram-stain-positive, non-motile, endophytic actinomycete, designated strain BR3-1 T , which produced spore chains borne on the tips of short sporophores, was isolated from the rhizome of Boesenbergia rotunda collected from Udon Thani province, Thailand. This strain was investigated for its taxonomic position using a polyphasic approach. The strain contained 3-hydroxydiaminopimelic acid and meso-diaminopimelic acid in the cell-wall peptidoglycan. The whole-cell sugars comprised glucose, mannose, rhamnose, ribose and xylose. Phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides were found as the characteristic phospholipids. The predominant menaquinones were MK-10(H 8 ) and MK-10(H 6 ). The major cellular fatty acids were iso-C 16 : 0 , iso-C 15 : 0 and anteiso-C 15 : 0 . The G+C content of the genomic DNA was 71.4 mol%. 16S rRNA gene sequence analysis revealed that strain BR3-1 T belonged to the 
and its phylogenetically closest relatives was in the range of 15.4 %¡1.2 to 45.8 %¡2.6. In addition, some physiological and biochemical properties indicated that strain BR3-1 T could be readily distinguished from all type strains in the genus Asanoa. Thus, strain BR3-1 T should be classified as a representative of a novel species, for which the name Asanoa endophytica sp. nov. is proposed. The type strain is BR3-1 T (5BCC 66355 T 5NBRC 110002 T ).
The genus Asanoa (Lee & Hah, 2002) belongs to the family Micromonosporaceae. The type species is Asanoa ferruginea. Members of this genus usually form spore chains borne on the tips of short sporophores from the agar surface.
Main chemotaxonomic characteristics exhibited by members of this genus include meso-diaminopimelic acid and 3-hydroxydiaminopimelic acid in the cell wall, MK-10 (H 6 , H 8 ) as the predominant menaquinones, the diagnostic fatty acid type 2d (Kroppenstedt, 1985) and phosphatidylethanolamine as the diagnostic phospholipid in the membrane. At the time of writing, the genus Asanoa contained five species: Asanoa ferruginea (basonym Catellatospora ferruginea; Asano & Kawamoto, 1986 ) Asanoa ishikariensis (formerly 'Catellatospora ishikariense'; Lee & Hah, 2002) , Asanoa iriomotensis, Asanoa hainanensis and Asanoa siamensis. The members of this genus are usually distributed in various soils, i.e. mangrove soil, peat swamp forest soil and rhizosphere soil (Tamura & Sakane, 2005; Xu et al., 2011; Niemhom et al., 2013) . In this paper, we describe the polyphasic characterization of strain BR3-1 T , which was isolated from the rhizome tissue of Boesenbergia rotunda, and describe it as a representative of a novel species of the genus Asanoa.
Strain BR3-1 T was isolated from the rhizome of Boesenbergia rotunda collected from Udon Thani Province, Thailand. The healthy rhizome sample of this plant was washed in tap water until it was without soil debris. The rhizome was then cut into small pieces. After cutting, the tissue of the rhizome was washed in sterile 0.1 % Tween 20 in water for 30 s followed by washing twice in sterile distilled water. The sample was then surface-sterilized with 95 % ethanol for 13 min and subsequently with 1 % sodium hypochlorite for 13 min and then washed in sterile distilled water three times. Finally, the surface-sterilized rhizome tissue was ground with sterile distilled water in a sterile mortar and pestle and after that the suspension was spread on starch casein agar (SCA) (10 g soluble starch, 2 g KNO 3 , 0.3 g casein, 2 g K 2 HPO 4 , 0.05 g MgSO 4 . 7H 2 O, 2 g NaCl, 0.02 g CaCO 3 , 0.01 g FeSO 4 . 7H 2 O, 15 g agar, 1000 ml distilled water, pH 7.0) supplemented with 25 mg nalidixic acid l
21
, 50 mg nystatin l 21 and 1 mg terbinafin l 21 and incubated at 30 8C for 30 days. The final washing water was spread on SCA as the control plates. The colony was transferred and purified on yeast extract-malt extract agar (International Streptomyces Project, ISP 2 medium; Shirling & Gottlieb, 1966) and was preserved by freezing at 280 8C and freeze-drying.
Morphological characteristics of strain BR3-1 T grown on modified soil extract agar (Suriyachadkun et al., 2009) were observed using light and scanning electron microscopy (model JSM-5410 LV; JEOL). The preparation of scanning electron microscopic samples was as described previously (Thawai et al., 2005) . Phenotypic characteristics were examined by using several standard methods. Cultural characteristics were determined using 14-day-old cultures grown at 30 8C on various agar media. The ISCC-NBS Colour Charts standard was used for determining colour (Kelly, 1964) . The effect of temperature on growth (15-50 8C) was tested on yeast extract-malt extract agar for 14 days. NaCl tolerance (0-5 %, w/v) was examined on ISP 2 medium at 30 8C for 14 days. The pH range for growth (pH 4.5-10.5 at intervals of 0.5 pH units) was determined in ISP 2 broth. ISP 9 medium (Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % of the appropriate carbon sources was used for testing of carbon source utilization. Peptonization and coagulation of milk, gelatin liquefaction, hydrolysis of starch and nitrate reduction were tested through cultivation on various standard media as described by Arai (1975) and Williams & Cross (1971) . The results are given in detail in the species description and Table 1 .
Biomass for use in chemotaxonomic determination was obtained from cultures grown in yeast extract-glucose broth (10 g yeast extract, 10 g glucose, 1000 ml distilled water, pH 7.2) on a rotary shaker (200 r.p.m.) at 30 8C for 5 days. The isomer of peptidoglycan in the cell wall was analysed as described by Kawamoto et al. (1981) , and the amino acid composition was determined by TLC following the method of Lechevalier & Lechevalier (1980) . The acyl group of muramic acid was analysed as described by Uchida & Aida (1984) . The types of sugars in whole-cell hydrolysates were examined by the method of Komagata & Suzuki (1987) . The types of membrane phospholipids were determined as described by Minnikin et al. (1984) . Fatty acids in cells were extracted following the method of Sasser (1990) and were determined by GLC according to the instructions of the Microbial Identification System (MIDI) Sherlock version 6.2B (Kämpfer & Kroppenstedt, 1996) with the TSBA6 MIDI database. Mycolic acids were analysed using the method of Minnikin et al. (1975) . Menaquinones in cells were extracted by the method of Collins et al. (1977) and were analysed by HPLC with a Cosmosil 5C 18 column (4.66150 mm; Nacalai Tesque). A mixture of methanol and 2-propanol (2 : 1, v/v) was used as the elution solvent.
Extraction of genomic DNA was done according to the method of Tamaoka (1994) . The G+C content of the DNA was determined using the HPLC method of Tamaoka & Komagata (1984) . Lambda DNA (Invitrogen) was used as the standard. DNA-DNA hybridization was conducted in microdilution-well plates, as reported by Ezaki et al. (1989) . DNA-DNA relatedness (%) was determined by using the colorimetric method (Verlander, 1992) . The 16S rRNA gene was amplified using the universal primers 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTACCTTGTTACGACTT-39) (Lane, 1991) . The temperature profile for PCR was as follows: initial denaturation at 94 8C for 3 min; 40 cycles of 94 8C for 30 s, 56 8C for 30 s and 72 8C for 90 s; and final extension at 72 8C for 5 min. The PCR products were sequenced using universal primers as described previously (Thawai, 2015) . Pairwise alignment of the almost-complete 16S rRNA gene sequence of strain BR3-1 T and sequence similarity among all recognized species of the genus Asanoa were analysed using the EzTaxon-e server (Kim et al., 2012) . The 16S rRNA gene sequence was multiply aligned with the sequences of all type strains of the genus Asanoa in GenBank/EMBL/DDBJ databases using the CLUSTAL W program version 1.81 (Thompson et al., 1994) . The alignment was verified manually and adjusted prior to the reconstruction of a phylogenetic tree. Phylogenetic analysis was conducted using the neighbour-joining method (Saitou & Nei, 1987) based on evolutionary distances calculated using the Kimura two-parameter model (Kimura, 1980) , and the maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981 ) methods in MEGA 6 software . Confidence values were determined using bootstrap analyses (Felsenstein, 1985) with 1000 resamplings. Strain BR3-1 T grew well on ISP 2 and ISP 3, moderately on ISP 6 and nutrient agar (Difco), weakly on ISP 4, ISP 5, ISP 7, Czapek's sucrose agar (Waksman, 1961) and glucoseasparagine agar (ISP 5 with 1 % glucose replacing glycerol). The colour of substrate hyphae on these media was deep orange to pale orange-yellow. Aerial hyphae were not produced. A strong reddish-orange, soluble pigment was produced on ISP 2. Strain BR3-1 T produced spore chains on the tips of the substrate mycelium on modified soil extract agar at 30 8C after 30 days (Fig. 1) . This morphological characteristic was consistent with the classification of strain BR3-1 T in the genus Asanoa (Lee & Hah, 2002) .
Chemotaxonomic characteristics of strain BR3-1 T were similar to those of members of the genus Asanoa. The cell walls of strain BR3-1 T contained 3-hydroxydiaminopimelic acid and meso-diaminopimelic acid. The acyl type of the cell wall peptidoglycan was glycolyl. The reducing sugars in whole-cell hydrolysates were glucose, mannose, rhamnose, ribose and xylose. The predominant menaquinones were MK-10(H 8 ) (56.92 %) and MK-10(H 6 ) (26.96 %); small amounts of MK-10(H 4 ) (7.55 %), MK-9(H 8 ) (5.79 %) and MK-9(H 6 ) (2.78 %) were also present. The cellular fatty acids profile contained iso-C 16 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 14 : 0 , iso-C 17 : 0 , C 17 : 0 , C 17 : 1 v8c, C 16 : 0 , C 16 : 1 2-OH, C 18 : 0 and iso-C 15 : 1 G (Table S1 , available in the online Supplementary Material). Mycolic acids were absent. The diagnostic polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides, four unidentified phospholipids and three unidentified lipids but phosphatidylcholine was not detected (Fig. S1 ). The G+C content (mol%) of the genomic DNA was 71.4 %. These data were consistent with the chemotaxonomic properties of the genus Asanoa (Asano & Kawamoto, 1986; Lee & Hah, 2002; Tamura & Sakane, 2005; Xu et al., 2011; Niemhom et al., 2013 ).
An almost-complete 16S rRNA gene sequence was obtained for strain BR3-1 T (1495 nt). On the basis of 16S rRNA gene sequence analysis, strain BR3-1 T exhibited a close relationship with members of the family Micromonosporaceae and formed a monophyletic cluster with the genus Asanoa (Fig. 2) . The relationship between these strains was supported by the results from the neighbour-joining, maximumparsimony and maximum-likelihood methods. Strain BR3-1 T was most closely related to A. ishikariensis (99.39 %), A. iriomotensis (99.31 %), A. siamensis (99.17 %), A. ferruginea (98.84 %) and A. hainanensis (98.71 %). On the basis of the morphological, chemotaxonomic and phylogenetic data, this strain should be judged as a member of the genus Asanoa. (Table S2) were below the 70 % cut-off point recommended for the assignment of strains to the same species (Wayne et al., 1987) .
From the phenotypic, chemotaxonomic and genotypic data of strain BR3-1 T mentioned above, this strain could be distinguished from all recognized species of the genus Asanoa, which supports its classification as a representative of a novel species of the genus Asanoa, for which the name Asanoa endophytica is proposed.
Description of Asanoa endophytica sp. nov.
Asanoa endophytica (en.do.phy9ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. -ica adjective suffix used with the sense of belonging to; N.L. fem. adj. endophytica within plant, endophytic, pertaining to the isolation of the type strain from plant tissues).
Gram-stain-positive, mesophilic and non-motile actinomycete that forms spore chains borne on the tips of an extensively branched substrate mycelia. The colour of soluble pigment on ISP2 is strong reddish orange. Utilizes D-glucose, cellobiose, D-xylose, mannitol and sucrose as sole carbon sources, weakly utilizes D-mannose, D-galactose, L-rhamnose, D-ribose, L-arabinose and D-fructose, but does not utilize glycerol, myo-inositol, raffinose, melibiose, D-salicin or lactose. Peptonization of milk and hydrolysis of starch are positive but gelatin liquefaction, nitrate reduction and coagulation of milk are negative. The maximum temperature for growth is 40 uC. The maximum NaCl concentration for growth is 2% (w/v). The pH range for growth is pH 5-10. The cell-wall peptidoglycan contains 3-hydroxydiaminopimelic acid and meso-diaminopimelic acid. The acyl type of the cell wall is glycolyl. The predominant menaquinones are MK-10(H 8 ) and ). The characteristic wholecell sugars are glucose, mannose, rhamnose, ribose and xylose. The polar lipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides, four unidentified phospholipids and three unidentified lipids. The fatty acid pattern consists of iso-C 16 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 14 : 0 , iso-C 17 : 0 , C 17 : 0 , C 17 : 1 v8c, C 16 : 0 , C 16 : 1 2-OH, C 18 : 0 and iso-C 15 : 1 G. Mycolic acids are absent.
The type strain is BR3-1 T (5BCC 66355 T 5NBRC 110002 T ), which was isolated from a rhizome of Boesenbergia rotunda collected from Udon Thani Province, Thailand. The G+C content of the DNA of the type strain is 71.4 mol%.
